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The efficiency of the Kolmogorov-Arnold technique for the astrophysical signals is studied
modeling sequences with both random and regular properties. This technique has been
applied to the study of the structures in cosmic microwave background maps obtained
by the Wilkinson Microwave Anisotropy Probe.
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The study of the Cosmic Microwave Background (CMB) temperature maps has
been performed by various methods.1 Kolmogorov stochasticity parameter (K-
parameter)2,3 has been among those methods4,5 which enabled the study of non-
Gaussian structures such as the Cold Spot in the data obtained by WMAP; the
behavior of the Kolmogorov’s parameter for the Cold Spot is compatible to the
void nature of that anomaly.
Kolmogorov stochasticity parameter2,3 λn defined for a sequence of real numbers
λn =
√
n sup|F (X)− Fn(X)|, (1)
where F (X) and Fn(X) are the theoretical and empirical distribution functions,
respectively, is determined by a distribution which at n→∞ tends uniformly to a
universal function
Φ(λ) =
+∞∑
k=−∞
(−1)ke−2k2λ2 , Φ(0) = 0, (2)
independent on F . This parameter has been applied by Arnold to find out the degree
of randomness of given progressions and systems following from the number theory
(cf.7).
We studied the behavior of Kolmogorov’s parameter generating 400 different
sequences of given length divided into four groups, each of 100 sequences each:6
I. Gaussian distribution; II. the same with perturbation; III. Gaussian distribution
extracted from a sequences xn = a n mod b, where a and b are constants; IV. two
copies of the same Gaussian sequence.
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Fig. 1. Computed values of Φ(λ) and |λnmean − λm|.
For these groups of sequences the values of Kolmogorov’s function Φ(λ) and
the absolute value of differences of the empirical and theoretical values of λmean
have been computed, where the mean theoretical value of Kolmogorov stochasticity
parameter yields
λm =
∫
λφ(λ)dλ ≈ 0.869, φ(λ) = Φ′(λ). (3)
These computations, as shown in Fig. 1, enabled to find out the behavior of λ
and the distribution Φ for the modeled sequences i.e. with initially known properties
and then consider the CMB as a composition of signals of stochastic and regular
properties.5 Such properties appear to be enough informative to distinguish the
contribution of the non-cosmological signals into the CMB, for example, of the
radiation of the Galactic disk. Particularly, the Galactic radiation was shown to
possess high value of λ and Φ around 1, which indicates its non-Gaussian nature,
while CMB signal is basically Gaussian with inhomogeneous perturbations of various
degree of randomness. Also, this approach can be helpful in the revealing of the
power spectrum of the distribution of inhomogeneities of matter in the Universe,
the voids, complementing the data of the large scale surveys.8
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